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A CORRELATION OF LOADINGS AND AFTERBODY LENGTE-BEAM

RATIOS OF VARIOUS FLYING-BOAT HULLS
By John B. Parkinson

SUMMARY

The gross welght, beam, and afterbody length of 12
contemporary flying -boats and amphiblans with pointed
afterbodies are tebulated and correldted. For most of the
hulls considered, the afterbody length-beam ratios are -
shown to be directly proportional tq the gross-load
coefflclents.

INTRODICTION

The length-beam ratio of the hull of a seaplane may
be considered as the sum of the length-beam ratios of ths
forebody and afterbody. The length-beam ratio of the
forebody for a given gross-load coefflcient Cao is the

minimum required for satlisfactory spray and seaworthlness
characteristics at low water speeds and, for conventional
alrplane configurations, may be chosen on the basis of
service experience with simliler designs (reference 1).

The primary functlons of the afterbody are to provide
sufficlent buoyant and dynamic 1ift at speeds up to the
hump speed and an aerodynamlic falring for the main step in
Flight. At planling speeds the afterbody increases hydro-
dynamic resistence and decreases hydrodynamlc stablility.
The afterbody length-beam ratio 1s therefore an Iimportant
design paremeter and has been the subjJect of much investl-
gation In the towing tank, particularly in the levelopment
of speclfic seaplane Jesligns.

Thils paper presents a correlation of the gross-load
coefficlent and afterbody length-beam ratio of 12
contemporary flylng boats and smphiblans. The alrplanes
chosen are representative of present seaplane design
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practice with regard to polnté& mfterbodles and therefore
provide an empirical basis for chooslng a sultable
afterbody length-beam ratio, for preliminary design pur-
poses, in the range commonly used.  The correlation 1is
broadly made in that the various performance parameters
affected by the afterbody length or detalls of the
afterbody shape are not considered. A cholce of an
afterboiy length-beem ratio based on the results should,
therefore, be checked by statlic water-line calculstions
and by towing-tank tests of tne.-specific configuration
being designed.

DATA

The flylng-boat designations, loadings, and afterbody
proportions are given in table I. The rroses welghts llsted
are representative design values or corronly used full-load
values, although there is actuelly soms vearlation in prac-
tice for different flight reguirements. The afterbody
prorortions were collected from various sources 1nc1ud1ng
published three-view drawings, the recoris of the Langley
Hydrodynamics Division, and the extensive compllation of
reference 2. The afterbody lengths and sternpost angles
tabulated are.cefined in figure l. In the case of the
PB2Y-3, Sunderlana, and Shetland flying bosts, which have
steps of V plan form, the centrold of the step plan form is
taken as the equivalent fore-and-aft position of the step
as shown.,

The gross-load coefficlsnt Cp, 18 definec as

. Ao
CA = te—
o wb3
where
A gross losd, »ounds

0 . _
w svecific weight of sea water (6L 1b/cu ft)

b maximum besm of hull, feet



NACA ARR No. L6E28 3
CORRELATIQN AND DISCUSSION:

The gross-load coefficients from .table I are plotted
agalnst the corresponding afterbody length-beam ratios in
figure 2. All of the polnts except those for the PBZY-3
and S-L4); flying boats lie approximately along a stralight
1line through the origin, whilch indlcates that a simple
relationshlp exlsts in practice between the primary
parameters considered.

The ratios of gross-load coerficient to afterbody
length-beam ratio for the various alrplenes are given in
table I. If the PB2Y-3 and S-lj); flying boats are excluded,
these ratios have a mean value of 0.30 with an average
deviatlion of 5 percent from the mean. This mean value,
which corresponds to the mean line of figure 2, therefore
becomss useful in the prellminary design of conventlonal
hulls in the cholce of afterbody length for hydroiynamic
characteristics comparable with those of the elrplanes
considereqd.

The almost constant value of the ratio of the
gross=load coefficient to the afterbody length-beam ratio
for 10 of the alrplanes 1ls probably due largely to the
statlc buoyancy requirements of the afterbody, since all
the hulls were Jleslgned to trim nearly level et rest. The
larger values for the other two alrplanes are assoclated
wlth higher losd coefflclents in relation to length-beam
ratlos then are commonly used. There 1s undoubtedly a
large variatlion, among the alrplanes listed, in the
various hydrodynasmic characteristics lnfluenced by the
aftervody.

The hulls with lower sternpost sngles tend to have
ratios of gross-load coefficient to afterbody length-~-beam
ratio higher than the mean value, while the hulls with the
higher sternpost angles tend to have lower ratios. This
tendency 1indicates a vossible effect, though small, of
sternpost angle on the proper ratio.
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' ‘CONCLUSION

Representative 1ength-beam ratlod of the. afterbodies
of most contemporary flying-boat Yesigns are directly °
proportional to the gross load coefficients. v

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Pleld, Va.
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TAELE I

-- -,OADINGS AKD PROPORTIONS OF POINTED ‘APTERBODIES
POR VARIOUS FLYING BOATS

ratlional Afterdo -8 Afterbo
Fiying | ghoss weignt|P4™® |'Tengtn " |ternposs|Crons. . ut. l1ength-besn B0
boat Ao (£s) La (deg) Ca ratio 1'-75
(1b) (re) o La/d

Consolidated
Vultee PEY-5 30,000 10.21] 15.46 8.5 0.4 1.51 0.291
Boeing B-31l 86,000 12.50! 26.46 7.2 .69 2.12 326
Sikorsky
S-43 17,800 T7.50) 16.00 9.2 5 2.13 +310
Consolidated
Vultee pszy-# 66,000 10.50| 23.25 8.2 .89 2,21 02
short Empire Lo,500 10.00| 23.30 8.7 .63 2.33 .270
Sikorsky
S=4) 57,500 9.50{ 24.00 745 1.05 2.53 .L15
809
xr?nfl 62,500 10.42| 27.83 T.6 .86 2,67 .322
Martin PBM-3 50,000 10.00| 27.40 8.5 .78 2.74 .285
Martli
xpB?.:-:L 140,000 13.50| 37.16 8.0 .89 2.75 .323
Nartin JRM-1 145,000 13.50| 41.87 7.8 92 3,10 «297
Short
Sunderland 52,000 9.50! 31.00 8.3 «95 3.26 292
Short
Shetland 130,000 12.50| Ll.00 9.3 1.04 3.52 +295

NATIONAL ADVISORY
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Figure 1.- Sketch defining dimensions used.
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Flgure 2.- @Gross-load coefficlent plotted against afterbody length-beam ratio for
varlous flying boats. Numbers in parentheases are sternpost angles in degrees.
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